Thanks to two small sampling calorimeters installed in the LHC tunnel at ±140 m from IP1, the LHC forward (LHCf) experiment is able to detect neutral particles produced by high energy proton-ion collisions in the very forward region (pseudo-rapidity η > 8.4). The main aim of LHCf is to provide precise measurements of the production spectra relative to these particles, in order to tune hadronic interaction models used by ground-based cosmic rays experiments. In this paper we will present the current status of the LHCf experiment, regarding in particular collected data and analysis results, as well as future prospects.
Introduction
In order to understand the processes responsible for acceleration and propagation of cosmic rays in the universe, measurements of their flux and composition up to the Greisen-ZatsepinKuzmin cut-off (GZK cut-off) are necessary. These measurements are performed by ground-based experiments through the indirect detection of the extensive air showers (EASs) that cosmic rays form when interacting with the atmosphere. The properties of the primary particle are then reconstructed making us of MC simulations that, being EASs physics described by soft (non perturbative) QCD, necessarily rely on phenomenological models. Among them very different predictions are found at high energies, due to the lack of experimental calibration data, resulting in large systematic uncertainties in cosmic rays measurements. The main purpose of the LHC forward (LHCf) experiment is to provide important information for the calibration of hadronic interaction models in the forward region. The Large Hadron Collider (LHC) is the most suitable place where to perform these measurements, because a center of mass energy of √ s = 13 TeV in p-p collisions is equivalent to about 9 × 10 16 eV in the reference system where the target is at rest, an energy not so distant from the one of Ultra High Energy Cosmic Rays (UHECRs).
The experiment
LHCf [1] consists of two small sampling calorimeters installed in the Large Hadron Collider (LHC) tunnel at ±140 m from IP1 (ATLAS interaction point). Being placed after the D1 dipole magnet, only neutral particles produced by proton-ion collisions and having pseudo-rapidity η > 8.4 can reach the experiment. Each one of the two detectors, called Arm1 and Arm2, is made up by two square towers of 22 W and 16 GSO (plastic scintillator before 2014 upgrade) layers for a total length of 29 cm, equivalent to 44 X 0 and 1.6 λ I . Towers size is 20 mm × 20 mm and 40 mm × 40 mm for Arm1, 25 mm × 25 mm and 32 mm × 32 mm for Arm2. Energy resolution is better than 5% for γs above 100 GeV and about 40% for hadrons above 500 GeV. The transverse position of the incident particle is reconstructed using 4 xy imaging layers inserted at different depths. They are formed by 1 mm width GSO-bars (scintillating fibers before 2014 upgrade) in the case of Arm1 and by 160 µm read-out pitch silicon microstrip detectors in the case of Arm2. Position resolution is better than 200 µm for γs above 100 GeV and 1 mm for hadrons above 500 GeV. More detailed descriptions of the detector are reported elsewhere [2, 3] .
Analysis results
Because LHCf requires low luminosity and high β * , so far data have been acquired during special runs: in 2009-2010 p-p collisions at √ s = 0.9 and 7 TeV, in 2013 p-p at √ s = 2.56 TeV and p-Pb at √ s NN = 5.02 TeV, in 2015 p-p at √ s = 13 TeV. While the analysis of this last data set is still ongoing, we will discuss here the results published so far, relative to γs, π 0 s and neutrons produced in the forward region.
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Measurements of very forward particles production spectra at LHC: the LHCf experiment E. Berti Among different properties that can be investigated by the experiment, forward production spectra are the main analysis objective of LHCf. The two important parameters in the development of EASs related to the forward region are the hardness of the energy spectra and indirectly the inelasticity k, defined in such a way that 1 − k is the fraction of the energy of the primary particle carried out by the forward leading baryon. No model reproduces well the experimental data in all the regions considered in the analysis of γs [4], π 0 s [5, 6] and neutrons [7] . In particular, the deviation observed for neutrons in the region η > 10.76 is very strong: this is shown in Fig.1 , where we can see the energy spectra of neutrons produced by p-p collisions at √ s = 7 TeV after Bayesian unfolding [8] . The high energy neutrons production rate observed by LHCf -and only qualitatively reproduced by the QGSJet II-03 model [9] -implies that inelasticity in the region η > 10.76 is much lower than the one predicted by most models.
Aside from production spectra, there are at least two other points observable by LHCf that can provide important information for cosmic rays physics. The first one is the test of scaling laws (< p T > scaling [10] , Feynman scaling [11] , limiting fragmentation [12, 13, 14] ) that allow us to extrapolate the spectra measured at LHC to higher energies. The second one is the change in the production spectra due to the number of nucleons of the target, a crucial point if we consider that most of EASs develop from p-N or p-O collisions, not p-p. Being LHCf detectors optimized for electromagnetic showers, π 0 s, reconstructed from their decays in two γs, are the best probe to investigate these points. Fig.2 shows the π 0 inclusive production cross section as a function of x F = 2p Z / √ s at different collision energies [6] . The Feynman hypothesis, predicting the independence of (x F /σ inel )(dσ /dx F ) from √ s for x F > 0.2, holds at the 20% level. Fig.3 shows the nuclear modification factor -defined as the ratio of the π 0 inclusive production cross section for p-Pb at √ s NN = 5.02 TeV to the same quantity extrapolated for p-p at √ s = 5.02 TeV -as a function of p T and y lab [6] . Given the large uncertainties, all models are in good agreement with LHCf data, predicting a strong suppression of the production rate in the case the target nucleus is Pb.
Measurements of very forward particles production spectra at LHC: the LHCf experiment E. Berti [6] .
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Conclusions and future prospects
The LHCf experiment showed that in the forward region no model is perfectly reproducing experimental observations. Measurements of energy and p T spectra of the neutral particles produced in the very forward region can therefore be used to tune these models. New results at higher energies are expected from the ongoing analysis of data relative to p-p collisions at √ s = 13 TeV and p-Pb collisions at √ s NN = 8.1 TeV. These last two data sets were acquired using a common trigger with the ATLAS experiment, so that we can combine the information of both detectors to identify different kinds of events, e.g. diffractive and non-diffractive. Moreover, in 2017 LHCf will acquire data from √ s = 510 GeV polarized p-p collisions at the Relativistic Heavy Ion Collider (RHIC) [16] in order to extend the √ s coverage for the test of Feynman scaling hypothesis. .
